This work presents a new low distortion and swing suppression second order sigma-delta modulator with extended dynamic range scheme. The proposed modulator is based on the dual-quantizer architecture and can effectively extend the dynamic range by only adding two simple digital filters in the digital circuit. The techniques of low distortion and swing suppression integrator designs are also employed in the new architecture. Accordingly, this new architecture can improve the circuitry nonlinearity, and the in-band noise can be significantly suppressed to achieve a high resolution in mid or wide bandwidth applications. A second order SDM for Bluetooth application with bandwidth of 500 KHz and sampling frequency of 40 MHz was designed and implemented. The peak SNDR of the experimental SDM is 78 dB.
Introduction
The oversampling sigma-delta analog-to-digital converters (ADCs) have significantly impacted applications in communications, measurement, and dataacquisition, due to their ability to deliver high resolution from untrimmed analog circuits with modest complexity [1] . Importantly, sigma-delta modulator (SDM) ADCs can achieve high-resolution signal conversion without high precision component matching, as required by the conventional signal converters such as flash type A/D converters or those A/D converters based on sub-ranging or successive approximation techniques [1] . However, the sigma-delta modulators are normally limited to low or mid bandwidth applications due to their over-sampling nature. Sigma-delta modulation can be designed by several types of architectures such as single-loop, cascaded, feed-forward summation [2], distributed feedback, . . . , etc. [1] .
With the improvement of VLSI technologies, SDM is becoming attractive for use in mid or wide bandwidth applications, such as xDSL modems and wireless wideband transceivers. However, at the low oversampling ratio (OSR) required for such applications, the SDMs are increasingly sensitive to circuit imperfections, and thus require high-order or multi-bit architectures [1] . In this work, a new second order sigma-delta modulator with extended dynamic range (DR) scheme is proposed. This architecture is accomplished by a dualquantizer approach [3] . The quantizers are in multi-bit architecture, but the feedback of the SDM is a single bit DAC (digital-to-analog converter). The analog circuit complexity and imperfections of this architecture can be effectively improved to the same performance as that of the multi-bit architecture. The technique is applicable even for low OSR SDMs and can simplify the circuit implementation. Moreover, the techniques of low-distortion and swing-suppression integrator design are also proposed. According to the simulation results, this new SDM architecture is well suited for wide bandwidth applications such as Bluetooth, xDSL and others. A SDM for Bluetooth application with bandwidth of 500 KHz and sampling frequency of 40 MHz was designed and implemented to verify the proposed architecture. The performance of the designed SDM is as expected. The rest of this paper is organized as follows. Section 2 describes the conventional SDM architecture. Section 3 introduces the proposed SDM architecture. Section 4 then presents the circuit design of the proposed SDM architecture. Section 5 presents the comparisons and simulation results. Conclusions are finally made in Section 6. The digital correction method, digital blind on-line calibration technique, is described in Appendix A. Figure 1 shows the topology of a conventional secondorder SDM. In this architecture, the linear model of the SDM includes two inputs. One is the actual input U (z), and the other is the quantization noise, Q 1 (z). Two transfer functions, the signal transfer function (STF) and the noise transfer function (NTF), are given by
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where STF = z −2 and NTF = (1 − z −1 ) 2 . However, in practice, the transfer function of the integrator is different from (1) due to the influence of the non-idealities of the electrical implementation. Considering the implementation by the leaky integrators, the transfer function with finite amplifier dc gain is given by
where µ = 1/A v and A v is the finite amplifier dc gain. For this case the transfer function of the output of the second-order sigma-delta modulator becomes approx-
In the bracket, the first term is an ideal second-order shaped function; the second term is the first order shaped error, and the third term is the unshaped quantization error. The second and third terms are extra quantization errors, and the extra quantization power, P Q (µ), is injected into the SDM. The resulting baseband quantization noise power can be expressed as P Q (µ) = P Q + P Q (µ) ∼ = 2 12 π 4 5(OSR) 5 + 2µ 2 π 2 3(OSR) 3 + µ 4 (OSR) .
(4)
The factor, OSR, is oversampling ratio, and equals the difference between the two adjacent quantization levels. The extra error term, P Q (µ), depends on µ and grows with the order of the modulator. In order to reduce the nonlinearity distortion, a high OSR is usually applied in this architecture to minimize the P Q (µ) effects, and therefore the input signal bandwidth is restricted to low or mid bandwidth applications.
Integrator Output Swing in the Conventional Topology
A large amplitude signal, which is the sum of the input signal and quantization noise, is usually integrated into the integrator of the oversampling SDM. The large output swings of the integrator may not only cause the nonlinearity of the opamp but also limit the power supply
